Overall, this method was found to be a straightforward strategy for the synthesis of triazole-based dendrimers. Taking advantage of this fact, herein we report a feasible route for the synthesis of Fréchet-type dendrimers having a carbazole unit at core, which will be soluble in common organic solvents and easily spin-coated with high quality optical thin films.
Experimental Section
General.
H NMR and

13
C NMR spectra were recorded on 500 MHz NMR spectrometers. Mass spectra were obtained from Korea Basic Science Institute (KBSI) in Daegu and POSTECH. Flash chromatography was performed with 37-75 μm silica gel. Polydispersity (PDI) of dendrimers was determined by gel permeation chromatography (GPC) analysis relative to polystyrene calibration (Agilent 1100 series GPC, Plgel 5 μm MIXED-C, refractive index detector) in THF solution. UV-visible spectra were recorded with a Shimadzu UV-3100 spectrophotometer with a baseline correction and normalization carried out using Microsoft Excel software. The emission spectra for dilute solutions were determined using a Hitachi F-4500 fluorescence spectrophotometer.
General Procedure for the Synthesis of Fréchet-type Dendrimers 3-Gm. A mixture of alkyne-functionalized Fréchet-type dendrons 2-Dm (0.22 mmol) and N-octyl-3,6-diazidocarbazole 1 (0.10 mmol) in DMF-H 2 O (4:1, 1 mL) in the presence of 20 mol % CuSO 4 ·5H 2 O with 10 mol % sodium ascorbate was stirred at 50 ºC for ~4 h. The reaction mixture was poured into brine (20 mL) and the resulting solution was extracted with EtOAc (20 mL × 3). The combined organic phase was dried with sodium sulfate, concentrated, and purified by column chromatography to afford the desired product 3-Gm.
Compound 3-G1: A yellowish oil; 97% yield; IR 2997 IR , 2928 IR , 2855 IR , 1597 IR , 1466 IR , 1319 IR , 1204 IR , 1153 IR , 1045 13 C NMR (125 MHz, CDCl 3 ) δ 13.9, 22. 4, 27.1, 28.8, 29.0, 29.2, 31.6, 43.5, 55.2, 63.6, 72.5, 99.7, 105.5, 109.9, 113.1, 119.7, 121.3, 122.5, 129.8, 140.1, 140.6, 145.6, 160.8 22.5, 27.2, 28.9, 29.1, 29.2, 31.7, 43.6, 55.2, 63.7, 69.9, 72.5, 99.8, 101.5, 105.1, 106.7, 109.9, 113.3, 119.9, 121.4, 122.7, 3452 Bull. Korean Chem. Soc. 2012, Vol. 33, No. 10 Notes 129.9, 139.1, 140.3, 140.7, 145.7, 159.9, 160.9 5, 27.2, 28.9, 29.0, 29.2, 31.6, 43.5, 55.2, 63.6, 69.8, 69.9, 72.5, 99.8, 101.5, 105.1, 106.3, 106.7, 109.9, 113.2, 119.8, 121.3, 122.6, 129.8, 139.0, 139.2, 140.3, 140.6, 145.6 159.88, 159.94, 160.9 5, 27.2, 28.9, 29.1, 29.2, 31.7, 43.6, 55.2, 63.6, 69.9, 72.5, 99.8, 101.5, 105.1, 106.3, 106.7, 109.9, 113.3, 119.9, 121.4, 122.6, 129.8, 139.07, 139.14, 139.3, 140.3, 140.7, 145.6, 160.0, 160.9 
Results and Discussion
A convergent approach introduced by Fréchet and coworkers revolutionized the synthetic approaches to monodisperse dendrimers.
10 Since the synthetic approach installs the core in the final reaction step, it can allow various functional groups to be incorporated in dendrimers. Moreover, the approach enables the preparation of ordered and symmetrical dendrimeric structures, which is very attractive in terms of dendrimer syntheses. These characteristics of the convergent synthesis are ideal for the synthesis of dendrimers whose the luminescent chromophore unit is located at the core region. N-Octyl-3,6-diazidocarbazole (1) was designed to serve as an emissive building block and the azide functionalities for dendrimer growth via click reactions with the alkyne-dendrons. Compound (1) was prepared from the reaction of N-octyl-3,6-dibromocarbazole with NaN 3 in the presence of N,N'-dimethylethylenediamine and copper(II) iodide and sodium ascobate.
The synthetic strategy for emissive dendrimers, linked by the triazole units, utilized a convergent method using the alkyne-functionalized Fréchet-type dendrons 2-Dm and Noctyl-3,6-diazidocarbazole 1 (Scheme 1). The propargylfunctionalized Fréchet-type dendrons 2-Dm (m = 1-4: generation of dendron) were synthesized by the propargylation of the corresponding dendritic benzyl alcohols with propargyl bromide.
8d To efficiently connect the propargyl focal point Fréchet-type dendrons with N-octyl-3,6-diazidocarbazole (1), the synthetic approach selected is based on the click condition using Cu (I) species.
11
The efficiency of the click reaction between the alkynedendrons and bis(azides) was evaluated by performing the model coupling reactions between alkyne-dendron 2-D1 and Scheme 1. Synthesis of dendrimers 3-Gm. Reagents and conditions: 20 mol % of CuSO4·5H2O/10 mol % of sodium ascorbate, DMF/H2O (4:1).
Notes
Bull. Korean Chem. Soc. 2012, Vol. 33, No. 10 3453 compound 1. Click reaction was carried out in a 4:1 solvent ratio of DMF to H 2 O using 10 mol % CuSO 4 ·5H 2 O with 5 mol % sodium ascorbate with respect to alkyne as the in situ reducing agent to generate the active Cu(I) species.
11 The reaction of N-octyl-3,6-diazidocarbazole (1) and 2.2 equiv of alkyne-dendron 2-D1 afforded the desired product 3-G1 in a yield of 97% after 1 h at 50 ºC which was separated by column chromatography. The disappearance of bis(azides) as well as generation and disappearance of the mono-triazole derivative were monitored by TLC runs of the reaction mixture. Given the success in the synthesis of first-generation dendrimer, therefore we expanded this reaction to get higher-generation dendrimers. The reactions of N-octyl-3,6-diazidocarbazole (1) and 2.2 equiv of alkyne-dendrons 2-D2 and 2-D3 afforded the dendrimers 3-G2 and 3-G3 in yields of 94 and 90%, respectively, after 1.5 and 2.5 h at 50 ºC. Finally, reaction of N-octyl-3,6-diazidocarbazole 1 and 2.2 equiv of alkyne-dendron 2-D4 gave the dnedrimer 3-G4 in a yield of 87% after 4 h at 50 ºC. This result showed that the formation of triazole can be regarded as an efficient connector to stitch the dendrons with a chromophore. Therefore this approach may provide facile methodological insight into introduction of various fluorescent cores and would greatly contribute to researches on the application side.
Structural characterization of the dendrimers 3-Gm with 1 H NMR,
13
C NMR, and IR spectroscopy showed complete stitching of dendrons. From the 1 H NMR spectra (CDCl 3 ), the peaks of the triazole proton, the methylene protons adjacent to the carbon of triazole, and the benzylic protons of dendritic part in dendrimers 3-Gm were found at 8.06, 4.78, and 4.61 ppm for 3-G1, 8.03, 4.79, and 4.63 ppm for 3-G2, 8.01, 4.79, and 4.64 ppm for 3-G3, and 7.97, 4.75, and 4.61 ppm for 3-G4, respectively. The IR spectra showed that neither alkyne (~3285 cm ) residues remain in the final dendrimer (Figure 1) . Their FAB or MALDI mass spectra for dendrimer exhibited very good correlation with the calculated molecular masses. Analysis of the dendrimers by gel-permeation chromatography (GPC) shows very low polydispersity values, PDI = 1.01 for all dendrimers (Figure 2) .
The UV-visible absorption and photoluminescence (PL) spectra of 3-Gm and 1 in chloroform solutions were investigated ( Figure 3 ). Compound 1 exhibited the maximum absorption at 251 and 292 nm. Dendrimers showed absorption maxima at 253 and 285, 241 and 284, 241 and 282, and 243 and 276 nm for 3-G1-G4, respectively which are mainly attributed by the dendrons and the carbazole unit is buried Notes under the dendron regions. As the result, the absorbance of the dendrimers 3-Gm are increased with increasing the generation number. Although linkage of carbazole unit to the dendrimer showed blue shift relative to the corresponding bands for compound 1, it could be characterized by the presence of the different dendron generations. The photoluminescence (PL) spectra of compound 1 and 3-Gm in chloroform solutions were obtained. Compound 1 showed no fluorescence due to the quenching effect from the electron-rich a-nitrogen of the azido group. 12 The maximum emission peaks of dendrimer showed at 394, 392, 391, and 393 nm for 3-G1-G4, respectively, due to the elimination of the quenching through the formation of the triazole ring. And these dendrimers have shoulder emission peaks at 375 nm which may be originated from the excimers. The PL efficiencies of the dendrimers 3-Gm are increased with increasing the generation number due to the size effect of dendrons. The bulky dendrons would increase steric hindrance and prevent the self-aggregation between chromophore and thus reduce self-quenching. The dendrons effect in 3-G1 and 3-G2 would be similar in the factor of steric hindrance and is discriminated from one in 3-G3 and 3-G4 which are almost same. Our results demonstrate that potentially luminescent dendrimers can be obtained by incorporating a profluorophore unit with dendrons.
In summary, we have successfully synthesized the fluorescent dendrimers having a carbazole unit at core by click chemistry between azide and alkyne. N-Octyl-3,6-diazidocarbazole as the profluorophore-diazide building block, designed to serve as the core in dendrimer, was stitched together with the propargyl-functionalized Fréchet-type dendrons leading to the formation of fluorescent dendrimers in high yields. This strategy will lead to the convenient synthesis of other fluorescent nanomaterials with specific structures and properties in conjunction with their applications in nanotechnology.
